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Transportation Systems Center, Energy Technology Branch, Cambridge MA, 
presents results of experimental work to obtain information on perfor- 
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United States. The VW 90 CID aiceen) engine used in this work is one 
of a series of 15 engines to be tested in the current program. This 
is the sixth of the reports to be published covering work with those 
engines. 


This project is funded by the National Highway Traffic Safety 
Administration, Office of Research and Development, Office of Passenger 
Vehicle Research, Technology Assessment Division. 
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1. INTRODUCTION 


The objective of the program is to obtain engine performance data 
for estimating fuel economy and emissions for varied engine service 
and duty. The intent of the work done at Bartlesville Energy Technology 
Center is to provide basic engine characteristic data required as input 
for engineering calculations of fuel consumption and emissions involving 
ground transportation. 


The data acquired from tests of a 1978 VW 90 CID engine are pre- 
sented in this report. Volkswagen uses the 90 CID diesel engine in 
the VW Rabbit weighing in the 2,250 lb weight class. The engine as 
equipped is intended for use in a forty-nine state (Federal) vehicle 
with manual transmission. The test results are sufficient to estab- 
lish steady-state maps for fuel consumption and emissions (carbon mon- 
oxide, unburned hydrocarbons, and oxides of nitrogen) over the entire 
operating range of the engine. 


2. ENGINE TEST REPORT 


The engine test setup included a complete engine (SAE definition) 
coupled to an eddy-current dynamometer. A cooling tower was used in 
place of the fan and radiator. The alternator was included but was 
not wired into the engine's electrical system. The manufacturer's 
engine specifications are listed in Table 1. 


Prior to testing, engine break-in consisted of approximately 1,500 
miles with the engine installed in the vehicle. A single batch of No. 2 
diesel fuel was used throughout the tests; a detailed fuel analysis is 
given in Table 2. Engine testing began on February 14, 1978 and ended 
on March 16, 1978. 


During steady-state tests, the engine was operated at the following 
speed-load modes: 


Speeds: 1,000; 1,650; 2,000; 2,500; 3,000;: 3,500; 4,500; 
5,000 rpm 


Loads: 0, 10,25, 40; 60, 75, 90; 100 pct of fulletoad 
(0, 10, 25, 60, and 75 pct points were repeated at 
all engine speeds) 


Idle speed-load modes: 800 rpm -- 0, 7, 14 Ib-ft 
700 rpm -- 31 Ib-ft 


Over speed point: 5,200 rpm -- 47 lb-ft (WOT) 


Total number of ‘test modes. :2..2s2...eeee esses 69 
Total «number of repeats.) 2.402.245 458 eon ee 94 
Total number of motoring modes... ..2.5 013.5 se el) 

Total number of tests: 25 ....025 ee eee 169 


At the conclusion of the tests, the engine was motored at 1,000; 1,500; 
and 2,000 rpm. At each of the speeds the engine was motored with the 
fuel on and with the fuel off. 


The following data were recorded for each test point: 


Test number 

Date 

Barometric pressure, mm Hg 
Wet bulb temperature, °F 
Dry bulb temperature, °F 
Speed, rpm 


Torque, lb-ft -- BLH Strain gauge; Daytronic indicator 
Fuel rate, Ib/hr -- Fluidyne positive displacement fuel flow meter 
Rack position (throttle angle), degrees 

CO, pct -- Beckman NDIR 

CO>, pet -- Beckman NDIR 

05, pct -- Beckman polarographic detector 

ue. ppmC -- Custom built heated flame ionization detector 
NO,, ppm -- Thermo-Electron chemiluminescent detector 

oit temperature, °F 

Oil pressure, psi 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H,0 


Smoke, pct opacity -- cSlesco smoke meter 
Air flow, 1b/min -- laminar flow element 


The computed data include absolute humidity, power, exhaust flow 
rate, and emission rates of carbon monoxide (CO), unburned hydrocarbons 
(HC), and oxides of nitrogen (NO, ) in grams per hour. The following 
equations were applied in the computations: 


1. Partial pressure of water vapor in intake air (millimeters of mercury) 


: 7308.1 Ph T 
Eye CP pa.n7 - 393 + rs * 2784.2 | * 153 2| [ie - to] 


T,, = Wet bulb temperature, °F 
Tp = Dry bulb temperature, °F 
P,, = Barometric pressure, mm Hg 


2. Humidity (grains moisture per pound dry air) 


Wes 4347.3 ( p,) 
PL =. P 
Vv 
3. Corrected brake horsepower 


: () (4) } [7a 7 #60] 
Bec) =|5950. (Posto) ‘] 


736.6 


O27 


Brake torque (1b ft) 
Engine speed (rpm) 


4. Fuel mass flow rate (1bm/hr) 


eC) (Pe) (BBs) [1+ o-coort0 - 19 


Ve = Volume flow rate (cc/sec) 
Pe = Fuel specific gravity 
Tr = Fuel temperature (°F) 


5. Convert hydrocarbon concentration measurements from wet basis to 


dry basis 


a 7x fSCOsCOnt COzIN Il 
BoD aay I * 200 CO + 3C0> }] 


HC, = Hydrocarbon concentration on wet basis (pct) 

x = Fuel hydrogen/carbon atomic ratio 

C05 = Carbon dioxide concentration on dry basis (pct) 
CO = Carbon monoxide concentration on dry basis (pct) 


6. Carbon monoxide mass emission rate (grams/hour) 


one | 453.59 | m ) 
"co “VM CO + CO, + HC (c i (Neo) 
F 2 D 


CO Molecular weight of CO 


Me = Fuel molecular weight per carbon atom 


7. Hydrocarbon mass emission rate (grams/hour) 


|) (9 


Mic = Molecular weight of HC per carbon atom (assumed 
equal to Me) 


COCs C0. at HC) 


8. Oxides of nitrogen mass emission rate (grams/hour) (corrected 
for humidity) 


ie 
nol” WN sae tage lic) | 1 
"NO, “|Mp + (CO + CO> + AC, (v0, ("wo,) [11002 TH 75) 


= Molecular weight of NO. 


Oxides of nitrogen concentration on dry basis (pct) 


3 ' DISCUSSTON OF WEST RESULTS 


Maximum corrected brake horsepower, maximum corrected torque, and 
brake specific fuel consumption (bsfc) are plotted as a function of 
engine speed at full rack position in Figure 1. The maximum power out- 
put of the engine was produced at the specified speed and was similar 
to the value quoted in Table 1. The maximum torque produced by the 
engine was similar to the value quoted in Table 1 but was produced at 
a higher speed. The fuel rates were found to be nearly a linear func- 
tion of power for all engine speeds and were repeatable for each speed. 


Fuel rates. were found to be nearly a linear function on power for 
most engine speeds (Figure 2). 


Emissions of carbon nomoxide (CO), hydrocarbon (HC), and oxides of 
nitrogen (NO,) are plotted as a function of power for all engine speeds 
(Figures 3, 4, 5). The emissions of CO, HC, and NO, were reasonably 
repeatable for all engine speeds. At particular speeds (1,000; 2,000; 
2,500; 3,000 rpm), during light load and no load operation, some scat- 
ter in teh CO and HC emissions was observed. The scatter at these 
modes is typical for light load operation. Exhaust stream opacity 
showed low levels of smoke for all engine speeds (Figure 6). The maxi- 
mum opacity observed was 10 percent at 5,000 rpm (WOT). 


4. CONCLUSIONS 


The experimental work to obtain performance data for the Volks- 
wagen 90 CID diesel engine has been completed, and these data are 
presented in the tables accompanying this report. 


TABLE 1. - MANUFACTURER'S ENGINE SPECIFICATIONS 


Displacement. cubiexinches c40. cic). Scie leis 5 dee enenentenene 90 
Maximum horsepower, bhp @ 5,000 rpm...............eeeeee 48 
Maximum: torque, Tb=ft @12,500 mpme.. e585 ieee 58 
Boreé.and stroke, inches. <6 eos. Baie. eens ester een ener 3 02" x 73). 1/5 
COMPTESSTON LATION . 0. cee wee cb a eieie «Seeks tials alco celelelonereneiaes (a3}6 | 
CONFI GULATTON:. «2's... head's ois ereieusie ered oh cisleleretove nterseloeeReeneeene in-line, 4-cyl. | 
Firing: Orders cic sacksc ee. dale GO ae eae ea ee ee 1-3-4-2 i 
BOCK “Matertad ei a's aletels acetclilale:erne er acceenes eroreta torah er eee cast iron 
Head mater tales. <sss:s0ciue whesd diarerelchatle wales @ Save sare sian cee cast aluminum 
Number of crankshaft main bearings... 5... -98.e22 5 eee 
Number of compression ringS/piSton:.).....02). 22. secs eee: 2 
Number: of oT}: rings/piS tons. os secs. cece eee ester 1 
Cam: AVIVE  CYPO ls so.c 5 bic Sis wi ene oles ieidie ole Wuelieleee ctteltiay allele enero belt 
Valve lift: 
Intake 5 INCheSs.4osc/ he RS. Sh Sans Se eens ae eee 0.32 
Exhaust; tnches. ...ii.5. 1.625 Seek oe 0.35 
Valve timing: 
Intake’ opens:,< BIC. 66. oes Tae enone ee eee 5 | 
Intake closes. °ABC..2. <2 snes acne telethon 14 
Exhaust: opens, °BBCs 2'...25 os sco als en awe eens eee (ad) | 
Exhaust: .closes', ATIC 2.0 o.c.c.2cecore ce cia eee caer rene 5 
EnGine: wet ght: “EDS a ics dcsiers @ 6 Sure eteisteveuenel aie suet onerceehel cre temeenene 305 | 
Carburetor TYPO. os caka He ce ese c's ice vie Salecere one eee fuel injection 
Injection pressure, PSi...6cs o. Jai wale Sateen ere tenes 1,778 
Injection timing, inch stroke @ TDC... 2.4.0.2 eee 0.033 
Fuel pump tYPG.ns. oc be bc os tec ee deceit ete wctene nee Bosch mechanical) 
injection pump i 
CombUStION SYS TCMs<:.21.5 5 4a sca ond oe Cae Raa eee swirl chamber 


TABLE 2. - FUEL ANALYSIS 


Fuel@Now (Non: 2 diesel). os ccd eek 7807 
Distillation, °F: 
1O\pet ‘evaporated :. i. ..c ieee sees 396 
50 pct Hy ate sis SateuMoate tae ates 478 
95 pct BRO celts gues ante Me Re Lg 596 
ENG QDOUMG osm, . t pgGvee ts ais. aatiale edie 614 
APE Gravity, degreeS.....ccdaccdes cece 36 .55 
Specific gravity, degrees............. 0.842 
FIA analysis, pct: 
PR OMAE TCS soe soeeod woe Sleriateltaiaie erevaie 27 
OUCH WAS Wet eletc ls os Gd ecectin alates. oe. oMBleca sia 3 
Peach inn lth Syet esexesld awd fb.a ace 0% Stee Que evouetys 70 
SUP TUN gi PCR Iisa! Seite gikve sy atone mrere e's ee Wreienere 0.218 
Hydrogen/carbon atomic ratio.......... 1.79 


CORRECTED BRAKE HP 


BSFC, Ib/hp-hr 


.58 


96 


04 


Oe 


550 


48 


46 


4,500 


1,500 2,000 2,500 3,000 3,500 4,000 
ENGINE SPEED, rpm 


500, k5000 5 ,000 


FIGURE 1. Brake Specific Fuel Consumption, Torque, and 
Brake Horsepower Versus Engine rpm at Wide- 


Open-Throttle--Volkswagen 90-CID Diesel Engine. 
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5,500 | 


FUEL RATE, 1b/hour 


FUEL RATE, 1b/hour 


3,000 rpm 


0 18 
1,650 rpm 3,500 rpm 
5 15 
0 12 
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0 6 
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0 0 
3 6 9 12 15 18 6 12 18 24 30-36 
12 24 
2,000 rpm 4,500 _rpm 
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4 Sire 16s 20) «24 8 116 2 32 40 48 
12 30 
2,500 rpm 5,000 rpm 
10 25 
8 20 
6 15 
4 10 
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0 0 
5 10 15 20 25 30 8 16 24 32 40 48 


POWER, bhp 


FIGURE 2. Fuel Rate Versus Power at Vario 
Speed and Load Conditions-- 
Volkswagen 90 CID Diesel Engine. 
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CARBON MONOXIDE, grams/hour 


CARBON MONOXIDE, grams/hour 


1,650 rpm 3,500 rpm 


4,500 rpm 


5,000 rpm 


0 5 TOM ISN) 20 my aes eeNNsO 8 16/0 240 Soa O mss 
POWER, bhp 


FIGURE 3. Carbon Monoxide Emissions Versus Power 
at Various Speed and Load Conditions-- 
Volkswagen 90 CID Diesel Engine. 
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HYDROCARBON, grams/hour 


HYDROCARBON, grams/hour 
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3,500 rpm 


1,650 rpm 
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150 
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125 
100 
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5 10 15 20 25 30 


POWER, bhp 


FIGURE 4. Hydrocarbon Emissions Versus Power at 
Various Speed and Load Conditions-- 
Volkswagen 90 CID Diesel Engine. 
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OXIDES OF NITROGEN, grams/hour 
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FIGURE 5. Oxides of Nitrogen Emissions Versus 
Power at Various Speed and Load 
Conditions--Volkswagen 90 CID Diesel 


Engine. 
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SMOKE, % opacity 


1,000 rpm 


POWER, bhp 


10 
1,650 rpm 
8 
6 
4 
2 
0 3 6eeo 12” Ibe 18 
10 
2,000 rpm 
& 
> 
O 
a 
°o 
se 
Ww 
3S 5,000 rpm 
=) 
nn 


FIGURE 6. Smoke Versus Power at Various Speed 
and Load Conditions--Volkswagen 90 
CID Diesel Engine. 
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